INTRODUCTION
Colorectаl cаncer (CRC) is the third most frequently diаgnosed mаlignant diseаse and the fourth most common cаuse of cаncer-related death worldwide (2, 3) . Curаtive treаtment of CRC relies principаlly on surgicаl resection, supported by аdjuvant chemotherаpy, rаdiotherapy, аnd/ or immunotherаpy. Open аbdominal surgery (OS) remаins the predominаnt аpproаch internаtionally; however, midline wound аnd peritoneаl dаmаge are аssociated with significаnt postoperаtive pаin and longer hospital stay (4) (5) (6) .
Over the past decаde the surgical treаtment for colorectаl cancer has been revolutionized with the introduction of new minimаlly invаsive techniques. These techniques have become integrаl to the generаl surgical prаctice, with the аdvantages over open surgery of an eаrlier return to normal аctivity and better esthetic outcomes demonstrаted for a rаnge of procedures (1, 7) . Minimаlly invаsive colorectаl surgery involves inserting lapаroscopic instruments through severаl ports in the аbdominal wall to аccomplish the same oncologic resection goаls. The tumor is usuаlly removed through an аbdominal incision, the length of which depends on the size of the tumor (1, 8) .
The trаuma of surgery evokes a variety of physiologic and immunologic аlterations that should contribute to host defense. The magnitude and the type of the intrаoperаtive injury depend on the extent and durаtion of the postoperаtive immune suppression (9) . However, an exаggerated response to injury may result in immunosuppression and lead to significаnt postoperаtive morbidity and mortаlity. Decreаsed postoperаtive pain and speedy functionаl recovery of minimаlly invаsive operаted pаtients may be аttributаble to the reduced inflаmmatory response and minimal immunosuppression (10, 11) .
This study compаred clinical outcomes and immune chаnges after minimаlly invаsive and open colorectal resections in patients with colorectаl cаncer (CRC).
METHODS
The study included 40 patients with CRC who underwent colorectal resections in our clinic last year. Twenty one of them (CRCm) underwent minimally invasive surgery, 12 men (30%) and 9 women (22.5%), the ratio between them being 1.3/1, with a mean age of 64.8 years (range: 49-86). The remaining 19 patients (CRCk) underwent conventional surgery, 10 men (25%) and 9 women (22.5%), the ratio between them being 1.1/1, with a mean age of 66.1 years (range: 56-84) (Fig. 1) . Most of the patients in the two groups were between 55 and 75 years of age (Fig. 2 ).
Twenty one patients had rectal carcinoma (14 men and 7 women) and nineteen had colon carcinoma (8 men and 11 women). Curative resection was performed in all cases. The disease was staged according to the TNM original classification, 5 th edition.
The distribution by localization of the tumor along the length of the colon/rectum, T-disease stage and type of surgical approach among the patients in our study is shown in Tabl. 1.
The postoperative follow-up of each patient included blood loss, duration of operation, intravenous intake (crystalloid, colloid, antibiotics and blood units), drainage removal, re-gained use of bowels, nutrition supply, walking after surgery, hospital stay. Blood samples were taken in the morning, 2 hours prior to surgery and 24 hours, and 7 days after surgery. The analysis included full blood count, serum protein levels (total protein, albumin), and markers of inflammation (CRP, ESR, fibrinogen). T-(CD3+), B-(CD19+), and NK-cells, lymphocyte populations were studied by means of flow cytometry, as well as activation of leukocytes, according to the expression of HLA-DR, CD38, CD279, and CD163. SPSS.v21. was used to manage patient data and to perform statistical analyses. For significance of the results we accepted p<0.05.
RESULTS
There was a significant difference between minimally invasive and conventional group operating times, although CRCm times were significantly shorter. Blood loss and intraoperative intravenous intake (crystalloid, colloid and antibiotics) were significantly less in patients undergoing minimally invasive resection, than in patients with open resection (Fig. 3) .
Patients who underwent minimally invasive resection regained use of their bowels, walking after surgery, and had their drainage removed significant- T-stage  T1  T2  T3  T4  Total   Patients  n=2  n=8  n=22  n=8  n=40 Men with rectal localization (Open Surgery) (Fig. 4 & 5) . Hospital stay and nutrition supply were significantly shorter in the CRCm group than in the CRCk group, which is shown in Tabl. 2. Postoperative complication rates did not differ between the two groups. There was no significant difference in the preoperative immunological results between the minimally invasive group and the conventional group.
CRP serum levels were increased on I POD in two surgical groups. The increase was significantly lower in the CRCm group on I POD (P=0.05). This ratio maintained for 7 days after surgery (Fig. 6) .
24 hours after the surgery there was a significant increase in the leukocyte count and the granulocyte percentages in the CRCk group compared with the CRCm group, this ratio was maintained on VII POD.
Postoperative circulating total lymphocyte counts were decreased on I and VII POD in the two CRC groups. In the minimally invasive group the decrease was significantly lower and it returned to preoperative levels (Fig. 7) . The reduction of CD8+ counts was less in CRCm compared with CRCk on I POD (P=0.0004). Total protein and albumin, activated monocyte (CD 163+), eosinophiles and the percentage of monocytes were significantly decreased in the conventional group compared with the minimally invasive group on the first postoperative day. Serum levels returned near the preoperative value in the CRCm group on VII POD.
NK cell activity decreased slightly after surgery, and showed no significant difference when comparing CRCm with CRCk patients (Fig. 8) . HLA-DR expression by monocytes was reduced after surgery in both groups, but levels returned to normal on VII POD in the CRCm group compared to CRCk (Fig. 9) .
DISCUSSION
The acute-phase response (APR) is important and necessary component of the immunological function. C-reactive protein (CRP) is the most extensively studied APR protein following trauma and surgery; it is a dependable marker for APR. CRP levels usually rise approximately 4±12 h after operation and peak at 24±72 h, thereafter remaining raised for about 2 weeks (12). Postoperative CRP levels are significantly lower during the first 2 days after minimally invasive colorectal surgery than after open colorectal resections (13) .
The phagocytic and chemotactic activity of neutrophilic granulocytes, which play a key role in host defence, are reduced after minimally invasive and open surgery (14) . This impaired phagocytosis is possibly due to serum factors rather than an intrinsic neutrophilic defect. Several studies have evaluated the total leukocyte count and specific leukocyte populations and subpopulations following minimally invasive and open surgery, and have demonstrated a significant increase in overall peripheral leukocyte numbers following open, but not minimally invasive procedures (15) . Significantly less activation, preserved serum factors and granulocytes functions all correlate with the clinical observation of fewer postoperative complications and faster recovery following minimally invasive surgery.
Monocytes also play an important role in the recognition and processing of foreign antigen, thereby helping to present the antigen to the leukocytes. The human leukocyte antigen (HLA)-DR (major histocompatibility protein class II) antigen, expressed on the surface of the monocyte±macrophage, is critical in this process. A significant reduction in HLA-DR expression has been reported after open colorectal resections, but not after minimally invasive (16) .
Peripheral lymphocytes are the effectors of cellular immunity. When the host is exposed to surgical stress, the number of granulocytes increases, whereas the number of lymphocytes starts decreasing in peripheral blood. However, depressed NK cellular immunity occurs after surgical stress and this may reduce the resistance to viable tumour cells. A reduction in NK cell numbers following open and minimally invasive surgery was found. However, the reduction was less after the latter on the first postoper- ative day, with no advantage for the minimally invasive approach (17) . Colorectal surgery is associated with significant suppression of the overall immune status. Furthermore, the magnitude of this suppression appears to be proportional to the length of the wound used to access the peritoneal cavity. Possibly, for this reason, laparoscopic approaches are associated with less overall disturbance of the systemic immune function (17) .
Cell-mediated immunity is also believed to influence postoperative tumor growth. Significantly less growth of extra-abdominal tumour following minimally invasive compared with open surgery was observed in immunocompetent mice. However, the tumor grew much faster, and the difference between minimally invasive and open surgery was lost, in an athymic mice model (18) .
CONCLUSIONS
Minimally invasive colorectal cancer resection is a technically feasible option, with comparable results in terms of oncologic clearance, lesser degrees of tissue injury, surgical metabolic stress, and immunosuppressive response to conventional open surgery.
Decreased HLA-DR expression by monocytes in both groups, taking place on the first POD, reflects impaired antigen-presenting patients capacity. Indexes of CD64 expression by granulocytes are increased following surgery in two groups, but the minimally invasive group increase was significantly lower and correlated to faster recovery in the postoperative period.
Patients undergoing minimally invasive colorectal resections demonstrated improved clinical recovery and shorter hospital stay than patients undergoing open surgery.
